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ABSTRACT
Convenient syntlieses of c is -cyclodecene and tra n s  - cy clode - 
cene have been developed. These syn theses involve ra d ic a l c h lo ri­
nation of cyclodecane followed by dehydrochlorination . The s te re o ­
se lec tiv e  n atu re  of each dehydr ohaloge nation w as due to a  fo rtu itous 
com bination of r in g  geom etry , solvent, and b ase  to favor e ith e r syn 
or an ti e lim ination . P roduc t d istribu tion  data w ere obtained fo r the 
fre e  ra d ic a l and ionic additions of C l2  fro m  m olecu lar ch lorine and 
from  iodobenzene di ch loride to both c is -  and t r a n s -cyclodecene.
The addition of m olecu lar ch lorine w ith c i s - cyclodecene in CCI4  under 
both ionic and rad ic a l conditions y ields the expected t r a n s - 1 , 2 -d ich lo - 
ro cy  clode cane. However, tra n s  - cyclodecene re a c ts  under both 
ionic and ra d ic a l conditions to give only tra n s  annular re a rra n g e m e n t 
p roducts. In d irec t ch lorination  of c i s - cyclodecene w ith iodobenzene 
d ich lo ride  y ields a  m ix ture of 1 , 2 - and 1 , 6 -d ich lo rid es  under ionic 
conditions, but y ields only tran san n u la r p roducts under ra d ic a l con­
d itions. The reac tio n  of tra n s  - cyclodecene under both ra d ic a l and 
ionic conditions y ie lds only t r a n s -1, 6 -d ich lo rocyclodecane. In a ll 
c a ses  the a lly lic  product, 3 -ch lo rocyclodecene, is  produced.
V
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CHAPTER I
INTRODUCTION
M onocyclic a liphatic  com pounds a re  c la ss if ie d  fo r convenience 
a s  sm a ll, com mon, m edium , o r la rg e  r in g s . Sm all r in g s  include the 
th re e -  and fo u r-m em b ered  r in g s  and a re  so highly s tra in e d  from  bond 
angle deform ation  that they re a d ily  undergo r in g -e n la rg em en t or r in g  
cleavage re a c tio n s . Rings having f iv e -, s ix - , o r sev en -m em b ers  
a re  w idely found in n a tu re , a re  re a d ily  syn thesized  fro m  acyclic  a l i ­
phatic com pounds o r by hydrogenation of a ro m a tic  com pounds, and a re  
denoted as  com m on r in g s . Common r in g s  a re  re la tiv e ly  f re e  of angle 
s tra in  and gen era lly  undergo tlie sam e reac tio n s  as  acyclic  com pounds 
except th a t th e ir  cyclic  s tru c tu re s  r e s t r i c t  tlie n o rm al ro ta tio n  about 
s ig m a bond axes and thus fac ilita te  s te re o ch e m ic a l s tu d ies  of reac tio n  
m ech an ism s. L arge  r in g s  contain tw elve or m ore carbon a tom s, a re  
only slig h tly  s tra in e d  and behave chem ically  s im ila r  to the acyclic  
a liphatic  com pounds.
The m ed iu m -rin g  c lass ifica tio n  includes e ig h t-, n ine-, te n -,
1
and e lev en -m em b ered  r in g  com pounds. T herm ochem ical com bus­
tion m easu rem en ts  ind icate  th a t th ese  r in g s  a re  highly s tra in e d .
Angle s t r a in  (deform ation  of the C -C -C  bond angle) and P i tz e r - s t r a in  
(s te r ic  rep u ls io n s  between bonds and groups on ad jacen t carbon atom s) 
account fo r som e of the s tra in  energy , but a m ajo r so u rce  is  s te r ic  
rep u ls io n  between hydrogen atom s bonded to carbon  atom s on opposite 
s id e s  of the r in g  but co m p ressed  together n ea r the cen te r of the rin g .
1
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T his type of in te rac tio n , ca lled  tran san n u la r ("ac ro ss-th e -rin g ") 
s tra in  is  re sp o n sib le  for se v e ra l unusual chem ical consequences, in ­
cluding re a rra n g e m e n t re a c tio n s . The p re se n t investiga tion  has been 
concerned  with, the o ccu rren ce  of re a rra n g e m e n ts  during  the ra d ic a l 
and ionic additions of ch lo rine  to cyclodecenes.
T hese tran san n u la r in te ra c tio n s  a re  re sp o n sib le  fo r the lev/ 
y ie lds obtained fro m  the c la s s ic a l cyclization  reac tio n s  when the sy n ­
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T ran san n u la r s tra in  is  p a r tia lly  re lie v e d  by the in troduction  of one or 
m ore tr ig o n a l or tr iv a le n t a tom s into the rin g , a s  evidenced by in ­
c re a se d  cyclization  y ie lds of I  over EC and Hf over IV by the acyloin
3 4condensation p ro cess : ’
O OH 9  OH
C-C H -%  r C ----- CHn n
CHj
IV
The degree of tran san n u la r  s tr a in  is  red u ced  by the inc lusion  
of a  tr ip le  bond in the ring , bu t the ad v e rse  g eo m etric  effect (angle 
s tra in )  of having four a tom s in  lin e a r  a rran g em en t causes the acylo in  
condensation  with alkyne d e riv a tiv es  to fa il fo r e lev en -m em b ered  and 
sm a lle r  r in g s .
The study of the c h e m is try  of m edium  r in g  compounds h as  been 
h in d ered  by the low efficiency  of the c la s s ic a l sy n th eses . R ecently ,
5
how ever, a  re ac tio n  h as  been developed which p roduces m edium - 
r in g  hydrocarbons fro m  1 , 3-butadiene and ethylene with nickel 
b iscyclooctad iene a s  a  ca ta lyst:
I    CO
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Cyclooctane and cyclodecane and vario u s alkenes a re  now produced 
co m m erc ia lly ^  with th is  p ro c e ss  followed by ca ta ly tic  hydrogenation.
The chem ical re ac tio n s  of m ed ium -ring  com pounds a re  of 
in te re s t  because the reac tio n  in te rm ed ia te s  often undergo t r a n s ­
annular re a rra n g e m e n ts . If a  carbonium  ion cen te r  is  fo rm ed  ad ja ­
cent to an  e lectron-w ithdraw ing  group, X, the tran san n u la r  m ig ration  








Thus the ace to ly s is  of c is  - or t r a n s - 1, 2 -cyclooctaned io l d itosy late  
g ives a high percen tage  of re a r ra n g e d  p roducts, w ith a ll p roducts 
apparen tly  a r is in g  fro m  the re a r ra n g e d  in te rm ed ia te , VI:
/ \
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
The ace to ly s is  of c is  -1 , 4 -cyclooctanedio l d itosy la te  y ie lds a  m ixture 
of these  sam e p ro d u cts . Thus the re a rra n g e m e n t of V to VI is  rap id  
and ir re v e r s ib le .  The destab iliz ing  effect of the p a ra - to lu e n e  s u l­
fonate group on an ad jacen t carbonium  ion cen te r  has been re p o rte d  
p rev iously . ® Other re p o rte d  m edium  rin g  re a c tio n s  involving t r a n s ­
annular hydride sh ifts  include ac id -ca ta ly zed  h y d ro ly sis  of epoxides 
and deam ination  of am ines.®
F re e  ra d ic a l re ac tio n s  involving the tran san n u la r  r e a r r a n g e ­
m ent of a  hydrogen atom  a re  a lso  known. One in te re s tin g  exam ple 




4 - 6 « C C I j
CH^
C C L
An  exam ple of tran san n u la r hydrogen atom  tra n s fe r  re ce n tly  stud ied
1 1in th is  r e s e a rc h  group involves the addition of carbon  te tra ch lo rid e  
to c i s - cyclooctene:
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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■+ «C C /a
C C I 3
0 “'
O ' "
Yields of up to Y3% w ere obtained of a m ix tu re  of c is -  and tra n s  - 
l-c h lo ro -4 -tr ich lo ro m e th y lcy c lo o c tan e .
O ther tran san n u la r re a rra n g e m e n t re a c tio n s  involving bond 
sh ifts  ra tlie r  than hydrogen o r hydride sh ifts  have been rep o rted .
The reac tio n  of c is , c is -1 , 5 -cyclooctad iene w ith carbon te tra ch lo rid e
C C I 3
1 p




A few tran san n u la r  re a rra n g e m e n t re a c tio n s  involving carb en es,
1 3n itre n e s , or o ther in te rm ed ia te s  have been rep o rted .
T h e - e l im in a t io n  rea c tio n s  of m edium  rin g  com pounds a re  
of p a r tic u la r  in te re s t  because of the ab ility  of e igh t-m e m ber ed and 
la rg e r  r in g  sy stem s to contain tran s  as w ell a s  c is  double bonds. A 
p a r t  of the p re se n t work involved the developm ent of s te re o se le c tiv e  
sy n th eses  of c is -  and t r a n s -cyclodecenes fro m  chlorocyclodecane
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
using -e lim ination  reac tio n s .
The c la ss ic a l b im olecu lar elim ination  (E2) reac tio n  involves 








to give a  product having the geom etry  shown. I£ the conform ation 
having H and X a t 180° is  precluded  by bulky A, B, Y or Z groups or 
by the g eo m etrica l req u irem en ts  of a  cyclic sy s tem , the activation  
energy  fo r the elim ination  r i s e s  sh a rp ly . F o r exam ple the dehydro­




of the eight possib le  s te re o iso m e rs  which has no hydrogen and
ch lorine p a ir s itu a ted  anti) p roceeds a t 10"*̂  of the average r a te  of
the four o ther iso m e rs  studied.
15In a  re c e n t study, DePuy su ggests  th a t coplanar tran sitio n  
s ta te s , w hether an ti or sy n , a re  v as tly  p re fe rab le  to non-coplanar 
ones. Thus syn -e lim in a tio n s a re  feas ib le , but a re  r a r e  due to the 
in frequen t incidence of su itab le  m olecu lar geom etry . One rep o rted  
exam ple involved the following reac tio n :
16





The syn -e lim in a tio n  p roceeds through a  p lanar tran s itio n  s ta te  and is
fa s te r  than the a n ti-e lim ination , which m ust p ro ceed  through a  non-
p lanar tran s itio n  s ta te .
S icher and co -w o rk e rs  have ex tensively  stud ied  ^  -e lim ination
re a c tio n s  in cyclic sy s tem s having v a rio u s  leav ing  groups, using
17vario u s b ases  and so lven ts. In these  stu d ies  data fro m  k ine tics, 
k inetic  isotope effects and iso top ic  labeling  showed tha t both 
an ti and syn m echan ism s o pera te .
The dehydrobrom inations of a  s e r ie s  of cycloalkyl b rom ides 
(cyclopentyl through cyc lo te tradecy l and cyclohexadecyl) have been
1 o
stud ied  k ine tica lly  for the following b a se -so lv en t sy s tem s: 
po tassium  t e r t - butoxide in t e r t - butyl alcohol a t  82. 5° (sy stem  A) , 
po tassium  te r t - butoxide in benzene a t 100° (sy s tem  B) , p o ta s­
sium  ethoxide in ethanol a t 58. 5° (sy stem  C) , and lith ium  te r t -  
butoxide in d im ethylform am ide a t 40° (sy stem  D) . The ra te  p ro ­
file s  (dependence of ra te  constan t of c is -  and t r a n s -o lefin  fo rm ation  
on r in g  size) a re  shown below:


















Ring s iz e
In sy s tem s  A and B the reac tio n  leading to the tra n s  olefin exhib its 
a  r a te  m axim um  in  the m edium  rin g  reg ion . T his is  the sam e type 
of r a te  p ro file  that has been shown to be c h a ra c te r is tic  of the sy n - 
e li mi nations of cycloalkyl ^onium s a lts .  A fre e  energy  graph of the 
r a te s  of the sy stem  A or sy s tem  B reac tio n s  v e rsu s  e ith e r the ra te s  
of cycloalliene fo rm ation  fro m  cycloalkyldim ethylam ine oxides or from  
cycloalkyltrim ethylam m onium  ch lo rides gives a  good lin e a r  plot.
Thus the reac tio n  which p roduces t r  ans -cycloalkene from  cycloalkyl
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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brom ides and p o tassium  te r t - butoxide in te r t-b u ty l alcohol o r benzene 
is  p redom inately  if not exclusively  a  sy n -e lim in a tio n  p ro c e s s . If the
IQ
Dunitz conform ation  for the cyclodecyl rin g  is  assum ed , the t r a n s i ­
tion s ta te  would resem b le
base ..
' H . • Hi  Hi  
H i
with som e le ssen in g  of the angle 0  due to s te r ic  rep u ls io n s  of the 
tran sa n n u la r  hydrogen atom s, H|.. The ra te  p ro file s  fo r the p roduc­
tion of c i s - cycloalkenes in sy s tem s A and B ind icate  th a t these  a re  
p redom inately  a n ti-e lim ination  p ro c e s se s . T his situ a tio n  w herein  a 
given su b s tra te  under a  given s e t of conditions m ay re a c t  by e ith e r
of these  s te re o se le c tiv e  m echan ism s has been r e f e r r e d  to a s  the
17"sy n -an ti e lim ination  dichotomy".
In sy s tem s C and D, the ra te  p ro files  fo r dehydrobrom ination  
of cycloalkyl b rom ides ind icate that a n t i - elim ination  m echan ism s 
lead  to both the c is -  and t r a n s -cycloalkene p roducts . The explana­
tion fo r the p resen ce  of sy n -e lim in a tio n  in sy s te m s  A and B and the 
lack  of it in sy s tem s C and D involves the d iffe ren t capacity  of the 
so lven ts to support io n -p a ir  fo rm ation . The expected  o rd e r of ion- 
pa ir supporting  ab ility  is  benzene (B) ~> t e r t - butyl alcohol (A) 
ethanol (C) >  dim e thylf or m am ide (D). T his o rd e r  co rresp o n d s to 
the am ount of sy n -e lim ination  found in these  four sy s te m s . F o r 
cyclodecyl b rom ide, re la tiv e  am ounts of sy n -e lim in a tio n  product in
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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the four system s^®  a re





The tran s itio n  s ta te  like ly  involves both ions of the base ,
C t ~ C  
/ —^  A
and a  n e c e ssa ry  condition fo r th is m echan ism  ap p ears  to be a  solvent 
in which a t le a s t  som e of the base  m ay ex is t a s  an und issocia ted  ion- 
p a ir .
The m ajo r p a r t of the p re se n t w ork i n v o l v e d  the addition of
ch lo rine , fro m  m olecu lar ch lo rine  and from  iodobenzene d ich loride,
to c is -  and tra n s  - cyclodecene. The ionic and the f re e  ra d ic a l
additions w ere  stud ied  fo r both cases.
The e lec tro p h ilic  addition of ch lo rine to an u n sa tu ra ted  sy stem
20in a  hydroxylic so lven t se em s to p roceed  through th is  m echanism :
\ /  \ / 0  \ /  \ /
C C " " C 1 " " C 1  C-C l O  C -C l
II +  C l p    I    I +  C l — ^  I
c  C + C + C-Cl
/  \  /  \  /  \  /  \
I n  III rv
A s im ila r  m echanism  like ly  app lies in ch lo ro fo rm  or carbon 
te tra c h lo rid e , but non -rep roduc ib le  r e s u lts  in  these  so lven ts have
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
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n 1
h in d erGd k ine tic  s tu d ies  so  tha t m echan istic  d e ta ils  a re  not defi­
nitely  known. If the su b s tra te  is  a m ed iu m -rin g  cycloalkene, the 
in te rm ed ia te  ion, III, w ill like ly  undergo tran san n u la r r e a r r a n g e ­
m ent to a  m ore s tab le  carbonium  ion which does not have the a d ja ­
cent d estab iliz ing  ch lo rine  substituen t. This type of re a rra n g e m e n t 
has been rep o rted ^  for the ionic b rom inations of c is - and tra n s  - 
cyclodecenes. The addition of brom ine to c i s - cyclodecene in carbon 
te tra c h lo r id e  a t -10°C  gave c i s - 1, 6 -d ibrom ocy clode cane. During 
the reac tio n  HBr was evolved, probably  due to the lo ss  of a pro ton  v ic inal 






B r B r
The a lly lic  p roduct was not ac tually  iso la ted . 'ïn the o r ig i­
nal work the p resen ce  or absence of the "norm al" t r a n s - 1 , 2 -d ib ro m o - 
cy clode cane was not proved. This compound w as re ce n tly
on
syn thesized  by an ingeneous rou te  which is  not com plicated  by 
tran sa n n u la r  re a rra n g e m e n t
R ep ro d u ced  with p erm issio n  o f  th e  cop yrigh t ow ner. Further reproduction  prohibited w ithout p erm issio n .
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co^cx— ccc:
The tran s  s te re o c h e m is try  of the product was confirm ed by its  r e a c ­
tion with s ilv e r  ace ta te  to give the known t r a n s - d iaceta te . R eexam i­
nation of the product from  the brom ination  of c i s - cyclodecene by 
p rep a ra tiv e  chrom atography on s il ic a  gel showed that 1 0 % of tra n s  - 
1, 2-d ibrom ocyclodecane and 40% of c is -1 , 6 -d ibrom ocyclodecane 
w ere  fo rm ed  in th is  reac tio n . The re la tiv e  y ie lds of these  two p ro ­
ducts did not change when the reac tio n  te m p e ra tu re  was v a ried  from  
-10°C  to -80°C . The reac tio n  of b rom ine w ith t r a n s -cyclodecene 
under the sam e re a c tio n  conditions yielded a 25% yield of t r a n s - 1. 6 - 
d ibrom ocyclodecane plus o ther unidentified p roducts.
The only o ther re p o rted  ionic add itions of halogen to a m edium -
23 24r in g  olefin a re  the additions of ch lo rine  and b rom ine to c is -
cyclooctene to give the no rm al t r a n s - 1 , 2 -d iha locyclooc tanes.
The fre e  ra d ic a l addition of m olecu lar ch lo rine  to alkenes
gen era lly  p roceeds through the following m echanism :
Clz + energy  -----------— 2C1-
0 1 -
N  %c
+ II c / \
\  /  
C-Cl 
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Recent studies have shown, however, that in some cases initiation 
does not require external energy but can occur even in the dark a t 
-70°C by a process known as "induced hom olysis".
Cl2 + II -----------------^  CI2—II (a complex)
C C
/  \  /  \
\  /  \  /  I
C C -C -C l
Cl2-*"ll + II —--------------- -- 2 IC c -c-
/  \  /  \  I
I i
-C -C l  -C -C l
I 4- CI2 ------------------------- I + C l '
- C -  -C -C l
I I
In a  chain p ro c e ss  such as  th ese , m any m olecu les of p roduct m ay be 
produced by only a  few in itia tion  re a c tio n s .
lodobenzene di ch lo ride  (IBD) can be u sed  a s  a  "halogen
c a r r ie r "  in  both ionic and f re e  ra d ic a l ch lorine addition re a c tio n s .
26In a  defin itive study re cen tly  re p o rte d  the follow ing ionic m echanism  
w as given fo r the re ac tio n  of IBD w ith norbornene:






It is  not c e rta in  th a t th is  re a c tio n  w as com pletely  fre e  of a  ra d ic a l
m echan ism  com ponent. However, the use of m olecu lar oxygen a s
an inh ib ito r and low rea c tio n  te m p e ra tu re s  gave a  product m ix ture
which ind ica ted  th a t the ionic p ro c e ss  w as dom inant (65-92%). In a
typ ica l reac tio n , c a r r ie d  out in  carbon  te tra ch lo rid e  a t 40° fo r 222
h o u rs  w ith pxygen p re se n t to in liibit the f re e - ra d ic a l  p ro ce ss , the
y ie lds w ere  43% I, 13% H, 38% HI, and 6 % IV. In ev e ry  reac tio n
re p o rte d , I w as produced in  g re a te r  y ie ld  than H, thus ra is in g  s e r -
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The fac t that no V was produced is  possib le  evidence ag a in st th is
m echanism , although the exclusive production  of H could be due
to a  g re a t p re fe ren ce  for exo addition.
The ra d ic a l addition of ch lorine to norbornene by use of IBD
is  much fa s te r  than the ionic re ac tio n  and w ill p redom inate  if not




(initiation) </»ICl2 or ligh t
(propagation)




<t>i + C l-
Cf
C l
N either of the ionic p roducts IH or IV was produced a t  any tem p­
e ra tu re  between -20° C and 78® C when oxygen was excluded fro m  
the rea c tio n . Hydrogen ab s tra c tio n  re a c tio n s  did not appear to be 
im p o rtan t in th ese  re a c tio n s .
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CHAPTER n  
RESULTS AND DISCUSSION
Convenient sy n th eses  of c i s - cyclodecene and t r a n s - cyclode- 
cene have been developed. T hese sy n th eses  involve ra d ic a l c h lo ri­
nation of cyclodecane followed by dehydroch lorination . The s te re o ­
se lec tiv e  natu re  of each dehydrohalogenation w as due to a  fo rtu itous 
com bination of r in g  geom etry , so lvent, and b ase  to favor e ith e r syn 
or an ti e lim ina tion . P ro d u c t d is trib u tio n  data  w ere  obtained for the 
f re e  ra d ic a l and ionic additions of Clg from  m o lecu lar ch lorine and 
fro m  iodobenzene di ch lo ride to both c is -  and tra n s  -  cyclode cen e .
The addition of m o lecu lar ch lo rine  w ith c i s - cyclodecene in CCI4 under 
both ionic and ra d ic a l conditions y ie lds the expected  t r a n s - 1 , 2 -d ich lo ­
rocyclodecane. However, t r a n s - cyclodecene r e a c ts  under both 
ionic and ra d ic a l conditions to give only tran sa n n u la r  re a rra n g e m e n t 
p ro d u cts . In d irec t ch lo rina tion  of c i s - cyclodecene w ith iodobenzene 
d ich lo ride  y ields a  m ix tu re  of 1 , 2 -  and 1 , 6 -d ich lo rid e s  under ionic 
conditions, but y ie lds only tra n san n u la r  p ro d u cts  under ra d ic a l con­
d itions. The reac tio n  of t r a n s - cyclodecene under both ra d ic a l and 
ionic conditions y ie lds only ti-an s - l ,  6 -d ich lo rocyclodecane . In a ll 
c a se s  the a lly lic  product, 3 -ch lo rocyclodecene, is  produced.
The s tru c tu re s  of the p roducts from  the above reac tio n s  w ere 
es tab lish ed  by in fra re d  and n u c lea r m agnetic reso n an ce  sp ec tro sco p y  (NMR) , 
and by com parison  with au thentic  sam p les  sy n thesized  by a lte rn a te  
m ethods. R etention tim es fro m  vapor phase chrom atography  and Rj
17
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v alues fro m  thin la y e r  chrom atography  w ere  a lso  u tilized  in product 
iden tifica tion .
no
A. Svntliesis of cyclodecenes
Although both c is -  and t r a n s - cyclodecene have been p rep a red  
by se v e ra l d iffe ren t ro u te s , none of the published ro u te s  is  tru ly  con­
venient in the sen se  of req u ir in g  few s tep s  fro m  cheap s ta r tin g  m a te r ­
ia ls .  Cyclodecane is  now availab le  and we find th a t i t  i s  eas ily  
ch lo rina ted  by a f re e  ra d ic a l substitu tion  reac tio n :
CI2  ------ ^ ---------   2C 1.
CO" + + HCl
0 1
+ Cl?.   I I + Cl
An u n frosted  150-w att ligh t bulb p rov ides the n e c e ssa ry  energy  for 
the in itia tio n  reac tio n . No so lven t is  re q u ire d  in  th is  reac tio n , but 
an ex cess  of cyclodecane is  u sed  to  s ta tis t ic a lly  m inim ize the fo rm a­
tion  of po lych lorocyclodecanes. A convenient re ac tio n  involved the 
u se  of 3 .0  m oles of cyclodecane and 1 .0  m ole of ch lo rine . This 
m ix tu re  gave a  64% yield  (based on chlorine) of chlorocyclodecane 
and only 13% of m ixed d ich lo rocyclodecanes. The sm a ll re s id u e  of 
h eav ie r po lychlorocyclodecanes could not be frac tio n a ted  a t 0 . 2  m m  
w ithout decom position.
V arious p ro ced u res  fo r the dehydrochlorination  of ch lo ro ­
cyclodecane w ere  in vestiga ted . The c la s s ic a l KOH/CH 3 OH sy s tem
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proved to  be ineffec tive . Only 4% of the ch lorocyclodecane had r e ­
ac ted  a f te r  40 ho u rs a t re flu x . The u se  of a  h igher boiling alcoholic 
so lvent to speed  th is  re ac tio n  is  h ip d ered  by the decom position of 
chlorocyclodecane a t  h igher te m p e ra tu re s . D ehydrochlorination 
with the s tro n g e r  base  sy stem  CgH^ONa/CgH^OH was m ore su c ­
cessfu l, giving a  34% yield  of 8 8 % c is -  and 12% t r a n s - cyclodecene 
a f te r  40 h o u rs  of re f lu x . The sy s tem  t e r t -C ^H gO K /dim ethyl s u l­
foxide gave com plete dehydrochlorination  a f te r  3 h ou rs a t room  
te m p e ra tu re . The p roduct iso m er ra tio  w as 94% c i s / 6 % tra n s .
The o rd e r of base s tren g th  is  t e ^ -  C4 H g 0 ^ >  C 2 0 ^ >  OH® but the 
u se  of a  non-alcoho lic  so lven t with t e r t -butoxide in tro d u ces the p o s­
sib ility  th a t the in c re a se d  re a c tiv ity  of th is  sy s te m  m ay be due to a  
so lvent effect r a th e r  than to  base  s tren g th . A ll th re e  so lven ts have 
v e ry  s tro n g  ion p a ir  d isso c ia tin g  p ro p e r tie s , and the e lim ination  p ro ­
c e s s  like ly  p ro ceed s p redom inately  through the an ti m echanism :
< = >
4-H6 + Cl
T his is  co n s is ten t with the re p o rte d  m echan ism  of dehydrobrom ina-
18tion  of brom ocyclodecane using  s im ila r  base  sy s te m s . The c i s /  
t r a n s  p roduct r a tio s  a re  com parable:
O
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H alocyclodecane Base System  ^ o f_ c is  p roduct re f .
brom o EtOK/EtOH 85 18
ch lore  EtONa/EtOH 8 8  th is work
brom o iB uO Li/D M F 8 8  18
chloro  t_BuOK/DMSO 94 th is  work
Si ch er has shown using ra te  p ro file  d iag ram s th a t the sm a ll am ount 
(<  15%) of t r a n s - cyclodecene is  fo rm ed  chiefly  through an an ti-  
e lim ination  m echanism .
If dehydrohalogenation is  c a r r ie d  out in  the cyclodecane s y s ­
tem  with a  so lvent which supports  io n -p a ir  fo rm ation , ra th e r  than 
io n -p a ir  d issocia tion , the sy n -e lim ination  m echanism  w ill p red o m i­
nate . Thus the sy s tem  lith ium  d icyc lohexy lam ide/e ther g ives a  7% 
c is - 93% t r a n s - cyclodecene product m ix tu re . This r e s u l t  is  s im ila r  
to the rep o rted ^^  re ac tio n  of lith ium  d i- s e c -bu ty lam ide with b rom o-
cyclodecane to give 85-94% t r a n s - cyclodecene. E astham  and
30cow orkers have re p o rte d  that lith ium alky ls  can fo rm  coordination  
com plexes with e th e rs  o r am ines in a  1 : 2  b ase :lith iu m  ra tio .
B. Ionic C hlorine A dditions
The ionic addition of m o lecu lar ch lo rine  to c i s - cyclodecene, 
with oxygen gas being used  to inh ib it the com peting ra d ic a l p ro ­
ce ss , g ives an 8 . 5% yield  of 3 -ch lo rocyclodecene, and a  73% y ield  of 
t r a n s - 1, 2 -d ich lo rocyclodecane. The NMR sp ec tru m  of the d ich loride 
product in d ica tes th a t the ch lo rine  a tom s a re  bonded to ad jacen t 
carbon  atom s, but does not e s tab lish  w hether the 1 , 2 -d ich lo ro cy c lo - 
decane produced is  c is  o r tra n s  o r a  m ix tu re . The p o ssib ility  th a t 
th is  p roduct is  a c i s / t r a n s  m ix tu re  w as ru le d  out by exam ining the 
NMR sp ec tru m  of the u n reac ted  d ich lo ride  rem a in in g  a f te r  p a r tia l 
re a c tio n s  with two d iffe ren t re a g e n ts . P a r t ia l  dehalogenation with
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zinc d u st/e th an o l le ft u n reac ted  di ch lo ride  with the sam e lOOMHz NMR
abso rp tion  p a tte rn  fo r the H -C -C l p ro tons as  the s ta r tin g  m a te r ia l.
The iso m e ric  c is -  and t r a n s - 1, 2 -d ich lo rocyclodecanes in  a  m ix tu re
should undergo dehalogenation a t d iffe ren t r a te s ,  so th a t the m ix ture
of u n reac ted  d ich lo rid es would have a  com position  d iffe ren t fro m
th a t of the s ta r t in g  m a te r ia l. P a r t ia l  dehydroch lorination  of a  second
sam ple  of the 1, 2 - di ch lor ode cane p roduct with ;TOuOK/DMSO again
yielded  u n reac ted  s ta r t in g  m a te r ia l w ith an  unchanged NMR sp ec tru m .
T ie  p roduct of th is  re a c tio n  w as the v inyl ch lo ride , 1 -ch lo rocyclo -
decene (73% yield  based  on _^BuOK). A ttem pts to  sy n th esize  tra n s  -
1, 2 -d ich lo rocyclodecane fro m  t r a n s - 1, 2-cyclodecanedio l by a  s te re o -
31chem ically  re lia b le  ro u te  u sing  thionyl ch lo ride  in dioxane w ere
u n su ccessfu l. However, the o ther p o ssib le  iso m e r, c i s - 1, 2 -  ch lor o -
cyclodecane, was syn thesized  fro m  c i s - 1, 2 -cyclodecaned io l by th is
m ethod. The c is  iso m er is  a  c o lo rle ss  c ry s ta llin e  so lid  (m .p . 841-
861°) which can be pu rified  by vacuum  sub lim ation . Thus the
liqu id  d ich lo ride  p roduct fro m  the ionic addition  of ch lo rine  to c is -
cyclodecene m ust be t r a n s - 1, 2 -d ich lo rocyclodecane .
23T his conclusion is  in  c o n tra s t to a  re p o r te d  ten ta tive
iden tifica tion  of th is  p roduct a s  c i s - 1, 2 -d ich lo rocyclodecane. That
c is  ass ig n m en t was b ased  on the fac t th a t dech lo rination  of the
di ch lo r ocyclodecane w ith zinc d u st/e th an o l g ives 78% t r a n s - cyclo -
32do cene. T i is  e lim ination  has been shown to  occur in  o ther
33sy s tem s by an anti m echanism . However, a  m ore re c e n t study 
involving m edium  r in g  sy s tem s  re p o r ts  th a t debrom ination  of tra n s  - 
1, 2 -d ibrom ocyclodecane with zinc d u st/m e th an o l p r im a r ily  p roceeds
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through a  syn -e lim ination  m echanism  to give 87% t r a n s - cyclodecene.
The production of a  single u n rea rran g ed  addition product in  
the ionic re ac tio n  of ch lo rine  with c i s - cyclodecene is  in  co n tra s t to 
the addition of brom ine to th is  alkene to give 80% of the re a r ra n g e d  
c i s - 1, 6-d ibrom ocyclodecane and only 20% of the expected  t r a n s - 1, 2- 
dibrom ocyclodecane. Ih e  s te re o sp ec if ic  n a tu re  of the ch lo rine and 
brom ine addition reac tio n s  can be explained e ith e r  by an open c a r ­
bonium  ion m echanism  in  which m olecu lar geom etry  d ic ta tes  the 
d irec tio n  of a ttack  on the carbonium  ion, o r  by a  bridged carbonium  








tra n s -1 , 2
c is -1 , 6
I£ X is  ch lo rine , the re ac tio n  of the in te rm ed ia te  with ch lo ride  ion 
to fo rm  the t r a n s - 1, 2- p roduct re q u ire s  su ffic ien tly  le s s  energy  of 
ac tiva tion  than a  tran sa n n u la r  hydride sh ift so th a t no tran san n u la r 
p roducts a re  form ed. If X is  brom ine tran sa n n u la r  as  w ell a s  v ic in a l
p roducts a re  form ed. The fo rm ation  of the c i s - 1, 6-d ibrom ocyclode -
cane product can be explained by the concerted  b rom ide a ttack -h y d rid e
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sh if t m echan ism  shown above (with or w ithout bridg ing  in the in itia lly  
fo rm ed  ion) _or by a  hydride sh ift followed by s te re o sp ec if ic  reac tio n  
of brom ide ion with the 6 -brom ocyclodecyl carbonium  ion.
The ionic addition of m olecu lar ch lo rine  to  t r a n s - cyclodecene 
gave a  39% y ie ld  of 3 - ch lor ocyclodecene and 5% of t r a n s - 1, 6 -d i-  
ch lor ocyclodecane. An additional 13% yield  of unidentified  di ch lor o- 
cyclodecane(s) and a  sm a ll am ount of so lid  po lym eric  m a te r ia l was 
a lso  produced. Exam ination of a  m olecu lar m odel of t r a n s - cy d o  - 
de cene ind ica tes that one olefin ic carbon atom  is  a c ce ss ib le  to 
a ttack  by C l ^ a n d  the o ther is  b u ried  w ithin the m olecu le. Thus 
the in itia lly  fo rm ed  carbonium  ion in te rm ed ia te  is  s te r ic a l ly  h indered  
fro m  re a c tio n  with C l ^ a n d  undergoes lo s s  of to fo rm  an olefin, 
or undergoes tran sa n n u la r  re a rra n g e m e n t. A pproxim ately  4 .5  
tim es  as  much 3 - ch lor ocyclodecene is  fo rm ed in th is  ca se  as  in the 
ca se  of c i s - cyclodecene. A 1, 5-hydride  sh ift le ad s  to the tra n s  - 
1, 6 product. The NMR sp e c tru m  of the 13% y ie ld  of unidentified 
dichlorocyclodecane(s) is  not co n s is ten t with 1, 2 - o r 1, 3 - is o m e rs . 
P rev io u s w ork ers^  have noted th a t both 1, 5- and 1, 6 -hydride sh ifts  
com m only occur in  cyclodecane sy s te m s . Thus the 13% of p roduct 
lik e ly  contains a  m ix tu re  of 1, 5- a n d /o r  1, 6 -d ich lo rocyclodecanes. 
The low to ta l yield (18%) of tran san n u la r  p roducts in d ica tes  th a t a  
tran sa n n u la r  hydride sh ift r e q u ire s  a  high energy  of ac tiva tion  com ­
p ared  to the o ther re ac tio n s  of the carbonium  ion in te rm e d ia te . The 
po lym eric  product w as insoluble in  carbon  te tra ch lo rid e  but was 
so luble in  m ethanol, ind icating  a  re la tiv e ly  low m olecu lar w eight.
The e lem en ta l an a ly sis  (65.00% C, 11.05% H) is  not co n s is ten t
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w ith any sim p le  m olecu lar fo rm u la . A ttem pts to add ch lo rine  or 
hydrogen ch lo ride  to 3-ch lo rocyclodecene under th e se  rea c tio n  con­
d itions failed , ind icating  that none of the p roducts fro m  c is -  or 
t r a n s - cyclodecene a re  fo rm ed  in  th is  m anner.
C. R ad ica l C hlorine A dditions
The ra d ic a l addition of m olecu lar ch lo rine  to c i s - cyclodecene 
g ives the following p roducts:
N z




In th is  re a c tio n  the a lly lic  ch lo ride  is  produced by ab s tra c tio n  of the 
re a c tiv e  a lly lic  hydrogen by a  ch lo rine  atom :






4-  C l ­
in  the addition  p ro c e ss , the tran sa n n u la r  m ig ra tion  of a  hydrogen 
atom  does not com pete with the reac tio n  of the ra d ic a l in te rm ed ia te  
w ith a  ch lo rine  m olecule
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The s te re o sp ec if ic  production of the tra n s -1 , 2 p roduct m ay be due to
0 4
a  s te r ic a l ly  sh ie lded  in te rm ed ia te  ra d ic a l (I), a b ridged  ra d ic a l (II), 
o r a  m o lecu lar com plex^^ (HE)
C l
HI II n i
which r e a c ts  with a  ch lo rine  m olecule fro m  the upper side  to give 
the tra n s  product.
The ra d ic a l addition of m olecu lar ch lo rine  to t r a n s - cy clode - 
cene gives the following products:







H ere , as  in  the case  of the ionic addition of ch lo rin e  to the tra n s  - 
alkene, one o lefin ic carbon  atom  is  a c c e ss ib le  to  a ttack  by Cl* and 
the o ther is  buried  w ithin the m olecule. Thus the geom etry  of the 
m olecule cau ses  the ra d ic a l in te rm ed ia te  to undergo tran sa n n u la r  
hydrogen atom  sh ift r a th e r  than to a b s tra c t  a  ch lo rine  a tom  fro m  a  
ch lo rine  m olecule . Unlike the ionic in te rm ed ia te , the ra d ic a l in te r ­
m ediate does not e lim ina te  hydrogen to give the a lly lic  p roduct. The 
re la tiv e ly  low yield  of d ich lo ride  p ro d u cts  is  p a r tly  due to the r e a c ­
tiv ity  of the double bond being halved  by the in a c c e ss ib ility  of one of 
the two olefin ic carbon  a to m s. The o rien ta tio n  f a c t o r f a v o r s  
a lly lic  substitu tion  ra th e r  than addition  to the double bond.
D. Ionic C hlorinations involving lodobenzene Di ch lo ride
The ionic re a c tio n  of IBD w ith c i s - cyclodecene gave the fo l­
lowing p roducts:







The production  of tran san n u la r  d ich lo ride  p roducts  is  in c o n tra s t to the ion­
ic  re a c tio n  involving m o lecu lar ch lo rine . This m ay be due to the 
production  of an in te rm ed ia te  such a s  IT which is  of h igher energy
cs>
c l  - C l - I - c f ?
IV
than the in itia lly  fo rm ed  2 -ch lo rocyclodecy l carbonium  ion in  the 
re a c tio n  w ith m olecu lar ch lo rine .
R eaction P ro g re s s
e
C l
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow ner. Further reproduction  prohibited w ithout
p erm issio n .
28
It is  unlikely  that the -C l-C l-1 - 4* group e x e rts  a s  g rea t a  d es tab il­
iz ing  effect on the ad jacen t carbonium  ion cen ter a s  would -C l. The 
re la tiv e ly  low energy  of ion V m ay be due to bridging, as  shown.
S teric  sh ie ld ing  of the carbonium  ion cen te r in  IV by the la rg e  ad ja ­
cen t IClg -  group m ay h inder the re ac tio n  which leads to the v ic inal 
product. A nother p o ssib ility  is  th a t the effective concen tration  of 
ch loride ion is  reduced  due to com plexing with iodobenzene. This 
would allow  the re a rra n g e m e n t p ro ce ss  to com pete m ore favorab ly  
w ith the reac tio n  of ch lo ride  ion with the 2 -ch lo rocyclodecy l carbonium  
ion. The d ich lorocyclodecane p roducts w ere  iden tified  as 25% v ic inal 
and 75% tran san n u la r  (1 ,4 - , 1 ,5 - , or 1 ,6 -) by NMR. A ttem pts to 
s e p a ra te  o r fu rth e r  analyze them  w ere  u n su ccessfu l.
The ionic re ac tio n  of IBD w ith t r a n s - cyclodecene gave the 
following p roducts:
^C C r;C a“
46% 10%
The re la tiv e ly  la rg e  am ount of a lly lic  p roduct and the production  c£ 
only re a r ra n g e d  d ich lo ride  p roducts a re  analogous to the ionic r e a c ­
tion  of m o lecu lar ch lo rine  w ith th is  alkene.
E . R ad ica l C hlorinations involving lodobenzene D ichloride
The ra d ic a l re a c tio n s  of IBD with c is -  and t r a n s - cyclodecene 
w ere  m uch m ore rap id  than the correspond ing  ion ic re a c tio n s . The 
ra d ic a l re ac tio n  of IBD with c is  - cyclode cene gave the following p ro ­
ducts:




C l  4 5 %6%
The sm a ll am ount of a lly lic  ch loride fo rm ed  is  in  k eep in g  w ith the
26sm a ll am ount of hydrogen ab s trac tio n  re p o rte d  in the ra d ic a l r e a c ­
tion of IBD with norbornene. NMR an a ly s is  of the d ich lo ride  p ro - 
duct(s) in d ica tes  th a t lit tle  if any v ic in a l d ich lo ride  is  fo rm ed . This 
r e s u lt  could be due to iodobenzene being involved in  an in te rm ed ia te  
such a s  VI
VI
which is  of h igher energy  than the in itia lly  fo rm ed  2-ch lorocyclodecy l 
ra d ic a l in  the re ac tio n  with m olecu lar ch lo rine .
co:
VI C l
C O - ^ '
v n
R eaction P ro g re s s  
A s in  the case  of the ionic in te rm ed ia te s  IV and V above, the re la tiv e
s tab ility  of VH m ay be due to bridging, a s  shown. Again, the s iz e  of
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tlie <f>lClz- group m ay h inder the re ac tio n  which leads to the v ic inal 
product. A nother possib le  explanation fo r the lack  of v ic in a l p ro ­
ducts is  that a  ch lo rine atom  m ay be a b s tra c te d  m ore slow ly from  
«^IClg than from  C lg. This fav o rs the ir r e v e r s ib le  hydride sh ift 
which lead s to tran sa n n u la r  p ro d u c ts . A ttem pts to fu rth e r  se p a ra te  
o r identify  the d ich lo ride  p ro d u cts  w ere  not su ccessfu l.
The ra d ic a l re a c tio n  of IBD w ith t r a n s - cyclodecene gave 31% 
of 8 -ch lo rocyclodecene and 32% of a  m ix tu re  of tran sa n n u la r  dich^o- 
ro cy c lo d ecan es. As in the o ther ch lo rina tions of t r a n s - cyclodecene, 
th e re  was no v ic inal d ich lo ride  p roduct.
F . Sum m ary of C hlorine A dditions Studied
In sum m ary , the following p roducts w ere  obtained in  the
additions of ch lo rine  to cyclodecenes
ClCÙ
X XI
Cl othertran sa n n u la r
p roducts
V m  . IX
and the following product d is trib u tio n  data  w ere  obtained:
p e rc e n t y ield  of
XU
Olefin Reagent M echanism v n r DC X XI x n
cis CI2 ionic 73
cis CI2 ra d ic a l 2 2 29
tra n s CI2 ionic 3 9 5 13
tra n s CI2 ra d ic a l 4 3 9 9
cis ICI2  . ionic 1 0 8 24
cis ICI2 ra d ic a l 6 45
tra n s ICI2 ionic 46 10
tra n s ICI2 ra d ic a l 31 32
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
31
F o r each of the four re ac tio n  types the tra n s  olefin gave a  la rg e r  p e r ­
centage of a lly lic  p roduct than did the c is  olefin. The reac tio n  of 
m olecu lar ch lo rine  with c i s - cyclodecene under both ionic and ra d ic a l 
conditions yielded the expected t r a n s - 1, 2 -d ich lo rocyclodecane. 
T ra n s -cyclodecene re a c ts  under both ionic and ra d ic a l conditions to 
give tran sa n n u la r  p roducts, including t r a n s - 1, 6-d ich lo rocyclodecane. 
In d ire c t ch lorination  of c is -  cy cl ode cene with iodobenzene d ich loride 
y ie lds a  m ix tu re  of v ic inal and tran san n u la r  d ich lo rid es under ionic 
conditions, but y ie lds only tran sa n n u la r  d ich lo rid es  under rad ic a l 
conditions. The reac tio n  of t r a n s - cyclodecene with iodobenzene 
d ich lo ride  under both ra d ic a l and ionic conditions y ie lds only t r a n s ­
annu lar p roducts, including tra n s -1 , 6 -d i chi o rocyclodecane.
I
The com parab le ionic and ra d ic a l re ac tio n s  seem  to be 
m ech an istica lly  s im ila r . The in te rm ed ia te  2 -ch lo rocyclodecy l cation 
o r ra d ic a l re a c ts  w ithout re a rra n g e m e n t if  the re a c tiv e  s ite  is  not 
s te r ic a l ly  sh ie lded  and if the ap p ro p ria te  ch lo ride or ch lorine atom  
donor is  ava ilab le . The a lly lic  and re a r ra n g e d  p roducts form ed 
fro m the tra n s  olefin  a re  like ly  due to s te r ic  sh ie ld ing  of the reac tio n  
in te rm ed ia te . The re a rra n g e d  products fo rm ed  from  the re ac tio n s  
of the c is  olefin w ith iodobenzene d ich loride m ay be due to the 
le ssen e d  ava ilab ility  of the ch lo ride  ion or ch lo rine  a tom  for the final 
step  of the reac tio n .
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CHAPTER m  
EXPERIM ENTAL
G eneral
E lem en ta l an a ly ses  w ere  p e rfo rm ed  by M r. R. Seab of these  
la b o ra to rie s  and a re  given a s  the av e rag e  of th re e  d e te rm in a tio n s. 
V apor phase chrom atography  (VPC) w as p e rfo rm ed  on a  Beckm an 
m odel GC-5 in s tru m en t equipped with a  th e rm a l conductivity  de tec to r 
and a  12 foot by 1 /8  inch colum n packed w ith 5% Carbowax 20M on 
60/80 m esh  C hrom asorb  P . T em p era tu res  fo r sp ec ific  ana ly ses a re  
given as in jec to r te m p e ra tu re /co lu m n  te m p e ra tu re /d e te c to r  te m p e ra ­
tu re . Sixty m egaH ertz n u c lea r m agnetic reso n an ce  (NMR) sp e c tra  
w ere  obtained by the author on a  V arian  m odel A-60A in s tru m en t, and 
100 MHz sp e c tra  w ere  obtained by M r. W. W egner on a  V arian  m odel 
H A /H R -100 in s tru m en t. NMR data  a re  given in  p a r ts  p e r  m illion 
(ppm) downfield fro m  the te tra m e th y ls ilan e  (TMS) re fe re n c e  signa l. 
A ll sp in -sp in  decoupling sp e c tra  w ere obtained on the H A /H R -100 
in s tru m e n t. In fra red  (IR) sp e c tra  w ere  obtained on a  P e rk in -E lm e r  
m odel 137 in s tru m en t. Many of the IR sp e c tra  show the 6. 238 
m icron  po lysty rene  abso rp tion  a s  a re fe re n c e . M elting points w ere  
obtained with a  Ih o m as-H o o v er c a p illa ry  m elting  point ap p ara tu s  and 
a re  u n co rrec ted .
C is -cy c lo o c ten e , cyclodecane, and c is , t r a n s - 1, 5 -cyclodeca- 
diene w ere  generously  supplied  by Colum bian Carbon Company, Lake 
C h a rles , L ouisiana.
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A. P re p a ra tio n  of chlor ocyclodecane
A 1-1., th ree -n e ck  P y rex  f la sk  equipped with a  condenser, 
s t i r r e r ,  and gas d isp e rs io n  tube was charged  w ith cyclodecane (420 g, 
3 .0  m oles) and ir ra d ia te d  w ith a  150-w light bulb in a re f le c to r  about 
4 in . fro m  the fla sk . C hlorine gas (71 g, 1 .0  mole) w as p assed  
through a  tra p  containing concen tra ted  su lfu ric  acid , through an 
em pty trap , and into the s t i r r e d  cyclodecane fo r 4 h o u rs . I r ra d ia -  ■ 
tion  was continued fo r 35 m in longer, and a ir  was then bubbled 
through the m ix ture  fo r 30 m in to sw eep out ch lo rine  and hydrogen 
ch lo rid e . D istilla tion  of the m ix ture  a t red u ced  p re s s u re  gave the 
following th ree  w e ll-se p a ra te d  frac tio n s :
R ecovered  cyclodecane am ounted to 286 g (2 .04  m oles), bp 
7 2 -7 3 .5 °  (12mm), n^^D 1.4697.
C hlor ocyclodecane w as obtained in 64% y ie ld  (based on Clg) 
(111 .4  g), bp 109-110 .5° (12mm), n^^D 1.4923. A nal. Calcd fo r 
C ioH iq CI: C, 68.74; H, 1 0 .9 6 . Found: C, 68.55; H, 1 0 .7 5 .
D ichlor ocyclodecane w as fo rm ed  in sm a ll am ount (14 .1  g, 
13.5%), bp 135-137° (12mm), n^^D 1.5078. A n al. C alcd for 
C^^QH^gClg: C, 5 7 .4 2 ; H, 8 .6 7 .  Found: C, 58 .0 0 ; H, 8 .9 2 .
The 60MHz NMR sp e c tru m  (appendix, page 64 ) is  co n s is ten t with
oc
the re p o r te d  sp ec tru m .
B. D ehydrochlorination  of ch lor ocyclodecane
1. P o tass iu m  te rt-b u to x id e  in dim ethyl sulfoxide (DM80)
A solu tion  of ch lor ocyclodecane (105 g, 0 .6 0  m ole), dim ethyl 
sulfoxide (500ml), and p o tassiu m  t e r t -butoxide (100.8  g, 0 .9 0  mole) 
w as s t i r r e d  fo r 3 h r .  Ih e  m ix tu re  w as d ilu ted  with w ate r (750 m l. )
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and ex trac ted  with four 200-m l po rtions of p e tro leum  e th e r (bp 60-70°) . 
The com bined organic m a te r ia l w as d ried  w ith D rie r ite  and concen­
tra te d  by ro ta ry  evaporation . D istilla tio n  of the re s id u e  gave c is -  
cy clode cene (6 6 .0  g, 80%), bp 44-45° (2m m ). A nalysis by VPC a t 
115°/115*^/200° ind icated  tha t the sam ple  contained 94% c is -  and 6% 
tra n s  - cyclode cene .
The in fra re d  sp e c tru m  of the p roduct (appendix, page 56 ) 
shows the C-H out-of-p lane deform ation  abso rp tion  a t 14.10 m icrons, 
which is  c h a ra c te r is tic  of the c is  double bond. The 0= 0  s tre tch in g  
abso rp tion  a t  5 .92 m icrons is  w eak. The 60MHz NMR sp ec tru m  
(appendix, page 65) is  co n sis ten t w ith the ass ig n ed  s tru c tu re .
no
2. L ith ium  dicyclohexylam ide in  hexane-e thy l e th er
A solution of buty llith ium  in  hexane (400 m l, 1. 6M ) was added 
to a  so lu tion  of d icyclohexylam ine (124 g, 0 .6 8  mole) in anhydrous 
ethy l e th e r (200 ml) contained in  a  2-1. flask  fitted  w ith a  condenser, 
m agnetic s t i r r e r ,  and n itrogen  a tm o sp h ere . To the re su ltin g  m ix ­
tu re  w as added a  so lu tion  of chlor ocyclodecane (105 g, 0. 60 mole) in  
hexane (200 m l). The m ix tu re  was refluxed  fo r 24 h r ,  allow ed to 
cool, w ashed with four 50 -m l po rtions of w a te r, and d ried  with 
D rie r i te . Rem oval of so lven t by ro ta ry  evapora tion  and d is tilla tio n  of 
the re s id u e  gave t r a n s - cyclodecene (58. 0 g, 70%) , bp 53-55° (4mm) . 
A nalysis by VPC a t 115°/115°/200° ind icated  th a t the sam ple con­
ta ined  93% tr a n s -  and 7% c i s - cyclodecene. D icyclohexylam ine was 
re c o v e re d  in  good yield  by continuing the d is tilla tio n . D icyclohexyl- 
am m onium  ch loride is  sp a rin g ly  so luble in  w a te r . When a ttem p ts 
w ere  m ade to rem o v e  the am ine (as i ts  sa lt) from  the organic la y e r
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by washing with aqueous acid, a heavy, white p rec ip ita te  form ed and 
made subsequent w ork-up difficult.
The in fra re d  spec trum  of the product (appendix, page 57 ) 
shows the C-H out-of-p lane deform ation  adsorp tion  a t 10. 20 m icrons, 
which is  c h a ra c te r is tic  of the tra n s  double bond. The C=C stre tch in g  
absorp tion  a t 5 .95 m icrons is  weak. The 60MHz NMR sp ec tru m  
(appendix, page 66 ) is  co n sisten t with the assig n ed  s tru c tu re .
3. P o tass iu m  hydroxide in m etlianol
Chlor ocyclodecane (1 .75 g, 0 .0 1  mole) and po tassium  hydrox-
I
ide (0 .84  g, 0 .015 mole) w ere d isso lved in 50 m l of m ethanol, and 
the so lu tion  was refluxed  fo r 40 h o u rs . VPC an a ly sis  of the r e a c ­
tion m ix ture  showed 96% chlor ocyclodecane and approx im ately  2% each 
of c is -  and t r a n s - cyclodecenes.
4. Sodium ethoxide in ethanol
Chlor ocyclodecane (1 .75 g, 0 .0 1  mole) w as d isso lved  in  50 
m l of ethanol. Sodium (0 .35  g, 0 .015 mole) was added in o rd e r  to 
g enera te  sodium  ethoxide, and the solution w as refluxed  fo r 40 h ou rs. 
VPC an a ly sis  of the re a c tio n  m ix ture showed 66% chlor ocyclodecane, 
30% c is  -  cy clode cene, and 4% tra n s  - cyclode cen e .
5. Silver n itra te  in  dim ethyl sulfoxide (DMSOl
Chi or ocyclodecane (1 .75  g, 0 .0 1  mole) was d isso lved  in 25
1
m l of DMSG and added to a  solution of s ilv e r  n itra te  (2. 55 g, 0 .015 
mole) in 25 ml of DMSO. The reac tio n  m ix tu re  w as heated  on the
I
s team  bath. A  p rec ip ita te  appeared  a fte r  about 10 m inutes, and 
heating  was continued one hour longer. The reac tio n  was then cooled, 
diluted with 50 m l of w ater and ex trac ted  with two 40-ml portions of
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p etro leu m  e th e r . The petro leum  e th e r so lu tion  w as w ashed with 
w ate r, d ried  over anhydrous MgS0 4 , and analyzed  by V PC. A naly­
s is  showed 92% c i s - cyclodecene and 8% t r a n s - cyclodecene.
6. P y ro ly s is  of ch lor ocyclodecane 
C hlor ocyclodecane is  unstab le  a t te m p e ra tu re s  above ap p ro ­
x im ate ly  90° C. Thus VPC of ch lor ocyclodecane with the flash  
h ea te r  te m p e ra tu re  a t  150° and the colum n te m p e ra tu re  a t 85° r e ­
su lted  in  a  ch rom ato g ram  with a  sing le peak having the sam e re te n ­
tion tim e a s  c is  -  cy clode cen e . This p y ro ly sis  p roduct w as not 
fu rth e r  analyzed.
C. P re p a ra tio n  of c i s - cyclodecene fro m  c is , t r a n s -1 , 5 -cyclodecadiene^^ 
c is . t r a n s - 1, 5-C yclodecadiene (68 g, 0. 50 mole) and 85% 
hydrazine  h yd ra te  (147 g, 2. 5 m oles) w ere  d isso lved  in  700 m l of 
95% ethanol in a  2-1. th ree -n e ck  fla sk  equipped with a  condenser 
and a  gas d isp e rs io n  tube. The f la sk  was p laced  in  a  ro o m  te m p e ra ­
tu re  w ate r bath. One g ram  of finely  pow dered copper su lfa te  pen ta- 
h yd ra te  ca ta ly s t w as added. A ir w as v igorously  bubbled through 
the reac tio n  m ix tu re  and the re a c tio n  p ro g re ss  w as followed by 
V PC . A fter twelve ho u rs no diene rem a in ed  in  the m ix tu re . The 
a i r  w as stopped, 600 ml of w ater w as added to the reac tio n  m ix ture , 
and the re su ltin g  so lu tion  w as ex trac te d  with s ix  125-ml po rtions of 
p e tro leu m  e th e r . The e x tra c ts  w ere  w ashed w ith 100 m l of 10% HCl, 
w ashed w ith w ater, d ried  over MgSO^., and concen tra ted  on a ro ta ry  
ev ap o ra to r. D istilla tion  gave c i s - cyclodecene (37 .7  g, 0 .2 7  m ole,
54% yield), bp 45. 5-47° a t 2. 5m m . In fra red  an a ly sis  showed s tro n g  
ab so rp tio n  a t 14. 24 m ic ro n s (c is  double bond) but no abso rp tion  a t
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10. 29 m ic ro n s  (tra n s  double bond). VPC an a ly sis  showed a  tra c e  of 
cyclodecane p re se n t.
D. Ionie addition of m olecu lar ch lo rine  to c is-cy c lo d ecen e
A solu tion  of c i s - cyclodecene (7 .0  g, 0 .0 5  mole) in  100 m l 
of carbon  te tra c h lo r id e  was p laced  in  a  38 mm  by 200 m m  te s t  tube. 
Oxygen w as v igorously  bubbled through the so lu tion  fo r 10 m inutes 
through a  s in te re d  g a s -d isp e rs io n  tube. The oxygen flow was m ain ­
ta ined  w hile ch lo rine gas (M atheson 99. 5% pu rity ), which had been 
d ried  by p assin g  i t  through concen tra ted  su lfu ric  acid, w as bubbled 
through the so lu tion . D uring the re a c tio n  a  c o lo rle ss  gas was 
evolved which gave a  s ilv e r  ch lo ride  p rec ip ita te  with aqueous s ilv e r  
n itra te  so lu tion , tu rn ed  w et blue litm u s paper re d , but did not a ffec t 
w et s ta rc h -io d id e  te s t  p ap e r. This gas w as p resu m ed  to be hydrogen 
ch lo rid e . The ch lo rine  flow w as discontinued when the solution 
exhib ited  the yellow co lor c h a ra c te r is t ic  of ex c ess  ch lo rine , and the 
oxygen How was then continued for an  additional 30 m inutes to sw eep 
out any rem ain in g  HCl or Clg gas.
The CCI4 w as rem oved  fro m  the m ix tu re  by ro ta ry  ev ap o ra ­
tion  and the re s id u e  w as d is tille d  a t  red u ced  p re s s u re  to give the 
follow ing frac tio n s :
I 0. 73 g bp 51-55° (0 .15  mm)
n  7 .6 4  g bp 71-830 (q. 1 5  mm)
1. Identification  of fra c tio n  I_
The carbon-hydrogen  an a ly s is  of 1(69.42%  C, 10.02% H) is  
in  good ag reem en t w ith the ca lcu lated  values (69. 55% C, 9.92% H) 
fo r Ĉ q̂H^yCI. The IR sp e c tru m  of I (appendix, page 58 ) y ields
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I
showed the following absorptions: -5. 50 ppm (2 vinyl protons), -4 .21
ppm (1 proton, Cl-C-H), -2. 05 ppm (ça. 4 protons, allylic protons 
and CHg-C-Cl) and -1.43 ppm (ça. 10 protons, CH2 -CH2 -CH2 ).
The elemental analysis and NMR spectrum  are  consistent with either 
of the allylic chloride structu res:
Fraction I rep resen ts a  8. 5% yield of 3-chlorocyclodecene based on 
the starting  c is -cyclodecene.
2. Identification of fraction n  
The carbon-hydrogen analysis of II (57.77% C, 8.81% H) is 
in good agreem ent with the calculated values (57. 42% C, 8. 67% H) 
for C^qH^qCI^. The IR spectrum  of II (appendix, page 59 ) yields 
little information. The 100 MHz NMR spectrum  (appendix, page 68 ) 
of n  showed the following absorptions: -4. 36 ppm (2 protons. Cl-C-H),
-2 .08  ppm (4 protons, Cl-C-C-H), and -1. 57 ppm (12 protons, 
CH2 -CH2 -CH2 ). The above data indicate that fraction E is cis-and/or 
t ra n s -1, 2-dichlorocyclodecane. The absorption a t -4 .36 ppm is a 
broad complex band with no discernable splitting pattern, most 
probably due to the non-rigid and non-free-rotating nature of the 
-CH2 -CHCI-CHCI-CH2 - unit in the ten-m em bered ring. The 100 MHz 
NMR spectrum  shows this absorption to contain at least 20 peaks.
Spin-spin decoupling was accomplished at 100 MHz by irradiating the
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C l-C -C -H  pro tons a t -1 . 77 ppm . The C l-C -H  p a tte rn  changed to a  
s in g le t- lik e  band, 8 ops wide, a t  -5 .5 1  ppm . The width of th is band 
in d ica tes  th a t i t  is  like ly  m ade up of a  num ber of un reso lved  peaks. 
E xam ination of m olecu lar m odels does not ind ica te  a  c le a r  c o r r e la ­
tion between the NMR data and e ith e r c is -  or t r a n s - 1, 2 -d ich lo ro - 
cy clode cane. Subsequent w ork (sec tion  E) p roved  that f ra c tio n  n  
was not a  m ix ture of iso m e rs  and frac tio n  H w as confirm ed as  the 
tra n s  iso m er by the s te re o se le c tiv e  sy n th esis  of c i s - 1, 2 -d ich lo ro - 
cy clode cane (sec tion  G).
E . D ehalogenation of C hlorine Addition P ro d u c t
A solu tion  of fra c tio n  H (1. 31 g, 0 .0063 mole) fro m  the p r e ­
vious re a c tio n  in 15 m l of absolu te ethanol was tre a te d  w ith zinc 
d ust (0. 205 g, 0. 0031 mole) and one drop of concen tra ted  h y d ro ­
ch lo ric  ac id  w as added to g enera te  ZnClg fo r a  ca ta ly s t. The r e a c ­
tion m ix tu re  was heated  a t re flu x  fo r e igh t days. The rea c tio n  
m ix tu re  w as then cooled and poured  into 100 m l of ethyl e th e r . This 
so lu tion  was w ashed th ree  tim es  w ith 50 ml po rtions of w ate r to r e ­
move the ethanol, d ried  over anhydrous MgS0 4 , and concen tra ted  
by ro ta ry  evapora tion . A nalysis of the re s id u e  by NMR showed 
th a t approx im ately  15% of the d ich lo ride  had been converted  to o le ­
fin . A nalysis of the olefin m ix ture  by VPC a t  1150/115°/145° 
showed 78% tr a n s -  and 22% c i s - cyclodecene. These p ercen tag es  
a re  c o rre c te d  to allow  for the 2 .35  tim es  g re a te r  re sp o n se  of the 
VPC de tec to r to the c is  iso m e r . An en larged  100 MHz NMR sp ec tru m  
of the u n reac ted  d ich lo ride showed no change in  the abso rp tion  p a t­
te rn  fo r the H -C -C l p ro tons, ind icating  th a t the d ich lo ride is  not a
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m ixture  of iso m e rs , except in  the unlikely case  th a t both iso m e rs  
r e a c t  a t the sam e r a te  in  th is  reac tio n .
F . D ehydrohalogenation of C hlorine Addition P roduct
A solution of p o tassiu m  te r t -butoxide (1. 68 g, 0. 015 mole) in 
60 m l of re ag e n t g rade  DMSO w as added over th ir ty  m inutes to a  
s t i r r e d  so lution of fra c tio n  n  fro m  reac tio n  D above (3 .13  g, 0. 015 
m ole) in  25 m l of DMSO. The re a c tio n  m ix tu re  w as then s t i r r e d
I
fo r 18 h o u rs  a t  ro o m  te m p e ra tu re . The reac tio n  m ix tu re  was d i­
lu ted  w ith 250 m l of w ate r, and tlie o rgan ic p roducts w ere  ex trac ted  
in to  four 100-ml po rtions of p e tro leu m  e th e r . The com bined ex ­
t r a c ts  w ere  w ashed w ith four 50 m l po rtions of w ater and then d ried  
seq u en tia lly  over anhydrous MgSO^ and CaSO^. A fter the p etro leum  
e th e r  had  been rem oved  by ro ta ry  evaporation , d is tilla tio n  of the 
re s id u e  gave the following frac tio n s :
I few d rops bp 35-52° (0. 6 mm) 
n  1 .88 g bp 52-58° (0 .6  mm)
IE  0 .6 3  g bp 85-87° (0. 6 mm)
F ra c tio n  I w as not in v estig a ted . F ra c tio n  H w as iden tified  a s  the 
vinyl ch lo ride , 1 -ch lorocyclodecene, by NMR (appendix, page 69 ). 
The vinyl p ro ton  abso rp tio n  a t  -5 .6 7  ppm  is  sp li t  into a  clean  tr ip le t  
(J = 7. 6 Hz) ind icating  th a t the a lly lic  p ro tons a t position  th ree  a re  
equivalen t with r e s p e c t  to the vinyl p ro ton . The IR sp ec tru m  (appen­
dix, page 60 ) show s a sh a rp  C=C s tre tch in g  abso rp tion  a t  6 .05 
m ic ro n s . The ava ilab le  data  a re  not su ffic ien t to ind icate  the geo­
m e try  of the double bond. F rac tio n  II r e p re s e n ts  a  7. 3% yield . 
F ra c tio n  HI was iden tified  by its  NMR and IR sp e c tra  a s  s ta r tin g
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow ner. Further reproduction  prohibited w ithout p erm issio n .
4 1
m a te r ia l . An en larged  100 MHz NMLR sp ec tru m  of th is  u n reac ted  d i- 
cliloride showed no change in the abso rp tion  p a tte rn  for the H -C -C l 
p ro to n s. Tliis r e s u l t  in d ica tes  th a t the d ich lo ride  is  not a  m ix tu re  of 
iso m e rs , except in  the unlikely  event th a t the is o m e rs  r e a c t  a t 
the sam e ra te  in th is  re ac tio n .
A prev ious a ttem p t to accom plish  the above dehydroch lo rina-
q q
tion using  KOH in a so lvent m ix tu re  of 20 DMSO/5 CH3 OH/ 5  HOH 
yielded s ta r tin g  m a te r ia l a s  the only product.
G. Synthesis of c is -1 , 2-d ich lorocyclodecane
1. c is -1 , 2-cyclodecanediol'^^*'^^
A cold (0° C) so lu tion  of p o tassiu m  perm anganate  (23 .2  g,
0 .147  mole) and sodium  hydroxide (5 g, 0 .125  mole) in 600 m l of 
w ater w as added rap id ly  to a  cold (0° C) s t i r r e d  so lu tion  of c is -  
cyclodecene (13. 8 g, 0 .1 0  m ole), 750 m l of t e r t -bu ty l alcohol and 
750 m l of w a te r. R eaction o c cu rred  rap id ly , producing  a  la rg e  
am ount of MEnOg p rec ip ita te  and causing  a  s lig h t te m p e ra tu re  r i s e .
The re a c tio n  m ix ture  w as s t i r r e d  fo r two ho u rs and then f ilte re d  
through a  bed of g la ss  wool, C elite f i l te r  aid, and f il te r  paper in  a 
la rg e  Buchner funnel to rem ove the m anganese dioxide. The solu tion  
w as concen tra ted  to 300 m l on the ro ta ry  evapo ra to r and ex trac te d  
w ith five 100-ml po rtions of e th e r . The com bined e x tra c ts  w ere 
w ashed with w ater and d ried  over anhydrous m agnesium  su lfa te . E va­
p o ra tio n  of the e th e r gave c i s - 1, 2-cyclodecanediol'^^ (4 .43  g, 47% 
yield). The crude diol w as used  w ithout fu r th e r  p u rifica tion  in  the 
follow ing sy n th es is .
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2. c is -1 ,2 -d ich lo ro cy c lo d ecan e  
Thionyl ch lo ride  (3 .57  g, 0 .030  mole) w as added dropw ise to 
a  s t i r r e d  so lu tion  of c i s - 1, 2-cyclodecanedio l (1. 72 g, 0. 010 mole) in 
60 m l of dioxane. The re su ltin g  m ix tu re  was hea ted  a t  reflux  for 4
I
h o u rs , and the so lvent and u n reac ted  SOClg w ere  rem oved  on the 
ro ta ry  ev ap o ra to r. The crude re s id u e  was allow ed to stand  und is­
tu rbed  fo r 4 w eeks, during  which tim e a  few la rg e , fla t, p a r ra le lo -  
g ram -sh ap ed  c ry s ta ls  fo rm ed  and grew . I h e s e  c ry s ta ls  w ere p u r i­
fied  by vacuum  sublim ation  a t  ca . 90° (0 .1  mm) to give 0. 88 g of 
c o lo rle ss  p r ism s  of m .p . 8 4^-86^  . The IR sp ec tru m  (appendix, 
page 61 ) shows no OH s tre tc h in g  abso rp tio n  n ea r 2. 8 m icrons and 
no C=C s tre tch in g  abso rp tion  n ea r 6. 0 m ic ro n s . The 60 MHz NMR 
sp e c tru m  (appendix, page 70 ) is  co n s is ten t w ith s tru c tu re  of c i s - 1, 2- 
d ich lo rocyclodecane, the expected  p roduct fro m  th is  p rev iously  r e -
O  -1
p o rted  s te re o sp e c if ic  re ac tio n . The yield  w as 42%.
H. Ionic Addition of M olecular C hlorine to tran s-cy c lo d ecen e
, T his re a c tio n  was c a r r ie d  out in  the sam e m anner a s  d e s ­
c rib ed  above fo r the addition of CI2  to c i s - cyclodecene. Hydrogen 
ch lo ride  gas was evolved and in  addition about 0. 5 g of a  flocculent 
so lid  se p a ra te d  during  the rea c tio n . A fter the re ac tio n  w as com ­
pleted , th is  so lid  w as f ilte re d  off and re c ry s ta ll iz e d  fro m  chlor of or m - 
m ethanol to give c o lo rle ss  need les w ith a  m elting  point above 330° C. 
C arbon-hydrogen an a ly sis  gave 65.00% C and 11.05% H which c o r r e s ­
ponds to  (Cg 02^^16 25^H  OÔ x rem ain in g  23.95% is  assum ed
to be ch lo rin e . T his so lid  w as inso lub le  in  benzene, carbon  t e t r a ­
ch lo ride , and ch lo ro fo rm  and w as assu m ed  to be a  low m olecu lar
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w eight po lym er. The CCI4  was rem oved  from  the reac tio n  m ixture 
by ro ta ry  evaporation  and the re s id u e  w as d is tilled  to give the follow ­
ing frac tio n s :
I 3 .40  g bp 35-38° (0.10m m )
II  few drops in te rm ed ia te  cut
in  2. 00 g bp 63-66° (0.10m m )
1. Identification  of frac tio n  I
The carbon-hydrogen an a ly sis  of I (69.28%  C, 10. 16% H) is  
in  good ag reem en t with the ca lcu lated  values (69.55% C, 9.92% H) 
fo r C^QH^rjCl. The IR and NMR s p e c tra  ag ree  c lo se ly  w ith the 
s p e c tra  of 3-ch lorocyclodecene as  d esc rib ed  above. F ra c tio n  I  
re p re s e n ts  a  39% yield  of th is  p roduct.
F rac tio n  EC w as not exam ined.
2. Identification  of frac tio n  HE
F ra c tio n  EH p a rtia lly  c ry s ta lliz e d  on stand ing . Separation 
yielded 0 .5 6  g of so lid  (lECS) and 1. 44 g of liqu id  (lECL) .
The so lid  w as re c ry s ta lliz e d  fro m  hexane and d ried  under 
vacuum  to give co lo rle ss  c ry s ta ls  of mp 101-3? The ca rb o n -h y d ro ­
gen an a ly sis  of IIIS (57.46% C, 8.85% H) is  in  good ag reem en t 
w ith the ca lcu la ted  values (57.42% C, 8.67% H) for C^QÜ^gClg.
The IR sp ec tru m  of ECIS in CCI4  (appendix, page 62 ) y ie lds lit tle  
in fo rm ation . The 100 MHz NMR sp e c tru m  of lEES in CDCI3  (appendix, 
page 71 ) shows an A :B :X -proton ra tio  of 8:8:2. T his is  co n sisten t 
v/ith a 1 ,4 - , 1 ,5 -  or 1, 6 -d ich lo r ocyclodecane s tru c tu re . The tra n s  -
1, 6-d i ch lo r ocy clode cane s tru c tu re  w as considered  to be the m ost
1
lik e ly  by analogy to the re p o rte d  addition of brom ine to
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t r a n s - cyclodecene. An a ttem p t to p re p a re  the known t r a n s - 1, 6 -b is -  
pheny lth iocyclodecane fro m  IIIS by the m ethod of 81 cher  ̂  fa iled . A 
second a ttem p t in which the re ac tio n  tim e w as extended fro m  the 
specified  5 ho u rs to 72 h ou rs yielded a  c ry s ta llin e  deriva tive  which 
had a  m elting  point of 101-8°, id en tica l to the rep o rted ^  value for 
t r a n s - 1. G -bis-phenvlth iocyclodecane. A m ix tu re  cf th is  deriva tive  
and the s ta r tin g  m a te r ia l had a  m elting point below 93°. Thus, IIIS 
re p re s e n ts  a  5.4% yield  of t r a n s - 1, 6 -d i ch lor ocyclodecane.
The liquid, IIIL, gave an NMR sp e c tru m  with^an A :B ;X -proton 
r a t io  of 8:8:2, ind icative of tran sa n n u la r  p roducts , and v irtu a lly  
id en tica l w ith th a t of IIIS. F ra c tio n  IIIL could not be analyzed  by 
V PC because te m p e ra tu re s  su ffic ien tly  high to allow  th ese  high m ole­
cu la r w eight m olecu les to move through the packed colum n caused  
th e ir  decom position . Column chrom atography  on M erck  ac id - 
w ashed alum ina gave no sep a ra tio n  of com ponents. T h in -lay e r 
ch rom atography  on s il ic a  gel p la tes  which w ere  ac tiv a ted  a t  120° 
im m ed ia te ly  p r io r  to use and with re ag e n t hexane as  the so lven t in ­
d icated  th a t IIIL contained  two com ponents in  app rox im ate ly  90:10 
ra t io . I t w as assu m ed  tha t the 10% re p re s e n ts  t r a n s - 1, 2-d ich lo ro - 
cyclodecane fo rm ed  fro m  the 7% c i s - cyclodecene im p u rity  in the 
s ta r t in g  m a te r ia l, and that IIIL is  p r im a r ily  t r a n s - 1, 6 -d i ch lor o- 
cy clode cane. The o v e ra ll yield  of th is  p roduct is  then about 18%.
I. F re e  R adical Addition of M olecular C hlorine to c is-cy c lo d ecen e  
A solution of c i s - cyclodecene (6 .9  g, 0 .0 5  mole) in  100 m l 
of carbon  te tra c h lo r id e  was p laced  in  a  38 x 200 mm  te s t  tube and 
ir ra d ia te d  with a  c le a r  150 w att ligh t p laced  4 inches away.
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N itrogen w as v igorously  bubbled through the so lu tion  fo r 10 m inutes 
through a  s in te re d -g la s s  g a s -d isp e rs io n  tube. Tlie n itrogen  flow was 
m aintained while d ry  ch lorine gas (3. 55 g, 0 .0 5  mole) w as bubbled 
through the so lu tion . Hydrogen ch lo ride  gas w as evolved during the 
re a c tio n . The n itrogen  flow was continued fo r 30 m inutes a fte r the 
ch lo rine  had  been added to sw eep out re s id u a l g a se s . H^e so lvent 
w as rem oved  by ro ta ry  evaporation  and the re s id u e  was d is tilled  to 
give the following:
1.93 g (22% yield) of 3 -ch lo rocyclodecene, bp 41-4° (0 .17  
m m ). T his p roduct was iden tified  by i ts  IR and 60 MHz NMR sp e c tra  
and by i ts  carbon-hydrogen  an a ly sis  (C alc, fo r C^Qtlj^ryCl: 69. 55% C,
9.92%  H.  ̂ Found: 69.57% C, 10.10% H).
3 .0 2  g (29% yield) of t r a n s - 1, 2 -d ich lo rocyclodecane. bp 
68-72^ (0 .17  mm ). This p roduct w as a lso  iden tified  by i ts  IR and 
60 MHz NMR sp e c tra  and by i ts  carbon-hydrogen  an a ly sis  (C alc, for 
C iQ H igC l : 57.42% C, 8 .67% H . Found: 57.88% C, 8.74% H).
J .  F re e  R ad ica l Addition of M olecular C hlorine to t r  ans - cyclodecene 
T his re ac tio n  w as c a r r ie d  out in  the sam e m anner a s  d e s ­
crib ed  above for ra d ic a l  addition of CI2  to c is  -  cyclodecene. H ydro­
gen ch lo ride  gas w as evolved during the reac tio n , and 0 .1 5  g of 
floccuLent so lid  se p a ra te d  during  the reac tio n . A fter the re a c tio n  
w as com pleted, th is  so lid  w as f ilte re d  off and exam ined. It contained 
64.34% C and 11.26% H, did not m elt a t  300° C, and was assum ed  
to be p o ly m eric . The re a c tio n  m ix tu re  w as concen tra ted  and d is ­
tille d  to  give the following:
3. 70 g (43% yield) of 3 -ch lo rocyclodecene, bp 49-52° (0 .32
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m m ). T his p roduct w as iden tified  by i ts  IR and 60 MHz NMR sp e c tra  
and by i ts  carbon-hydrogen  an a ly sis  (C alc, fo r C^QH^r^Cl: 69. 55%
C, 9.92%  H. Found: 69.14% C, 10.05% H).
1 .87  g (18% yield) of tran san n u la r d ich lo rocyclodecanes.
On standing  th is  d is tilla tio n  f ra c tio n  p a rtia lly  c ry s ta lliz e d  to give 
0 .9 5  g of t r a n s - 1, 6 -d ich lo rocyclodecane which w as iden tified  by i ts  
IR and NMR sp e c tra  and by a  m ixed m elting  point withj an authentic 
sam p le . The NMR of the rem ain in g  0 .9 2  g of liquid  w as co n sisten t 
with t r a n s - 1, 6 -d ich lo rocyclodecane contam inated  to the ex ten t of 
about 10% with t r a n s - 1, 2 -d ich lo rocyclodecane, probably  a r is in g  fro m  
the 7% c i s - olefin  im p u rity  in  the s ta r tin g  m a te r ia l ,
K. Ionic R eaction  of lodobenzene D ichloride with c is-cyc lodecene
A  so lu tion  of c i s - cyclodecene (6 .90  g, 0 .0 5  mole) in  30 m l of 
carbon  te tra c h lo r id e  w as p laced  in a  38 x 200 m m  te s t  tube p ro ­
te c ted  fro m  the ligh t. Oxygen gas w as bubbled through th is  solution 
fo r 10 m inu tes, then iodobenzene di c h l o r i d e (13 .74  g, 0 .0 5  mole) 
w as added, and the oxygen flow w as continued. I h i r ty - s ix  h o u rs  w ere  
re q u ire d  fo r the com pletion of the reac tio n , which w as sign ified  by 
the d isap p earan ce  of the inso lub le IBD. H ydrogen ch lo ride  gas w as 
evolved during  the co u rse  of the re a c tio n . R o ta ry  evaporation  of 
the so lven t and d is tilla tio n  of the crude p roduct m ix tu re  gave the fo l­
lowing frac tio n s :
I 6. 77 g bp 44. 5-45. 5° (4mm)
II 1 .26 g bp 51-55° (0.15 mm)
in 3.34 g bp 78-84° (0. 20 mm)
A nalysis  of X by NMR showed i t  to be a  m ix tu re  of c i s - cyclodecene
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and iodobenzene.
A nalysis of n  by NMR showed i t  to be a  m ix tu re  of 3 -ch lo ro ­
cyclodecene and iso m e ric  chloroiodobenzenes which have been p r e ­
v iously  rep o rted ^^  a s  by -p roducts  in  ionic ch lo rina tions involving 
IBD. In tegration  of the NMR sp ec tru m  of II show s the percen tage  of 
a lly lic  ch loride to be about 75 m ole % o r 69 w eight % (corresponding  
to 0 ,8 7  g, 0 .0050 m ole, 10% yield).
A nalysis of III by NMR ind icated  that i t  contained a  m ix ture of 
d ich lo rocyclodecanes. Mie in teg ra tio n  of th is  sp ec tru m  shows an 
A :B :X -proton  ra tio  of 51. 3 :38 .9 :9 . 8. This is  co n sisten t with a  m ix­
tu re  containing 25% 1, 2 -d ich lorocyclodecane and 75% tran san n u la r  
(1, 4 -, 1, 5 -, a n d /o r  1, 6-) d ich lo rocyclodecanes as  shown on the 
graph  below;
100
P e rc e n t 
1, 2 - iso m e r 
in m ix tu re
40
20
A:B proton ra tio
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The points on th is  graph  w ere  ca lcu lated  fro m  the 12:4:2 and 8:8:2 
ra t io s  of A:B:X p ro tons in v ic in a l and tran sa n n u la r  d ich lo rocyclode­
canes, re sp ec tiv e ly . The IR sp ec tru m  of III w as not sign ifican tly  
d iffe ren t fro m  that of t r a n s - 1, 2 -d ich lo rocyclodecane o r th a t of t r a n s -  
1 ,6-d ich lo rocyclodecane. No fu rth e r se p a ra tio n  o r an a ly s is  of III 
could be achieved.
L . Ionic R eaction of lodobenzene D ichloride w ith tra n s-cy c lo d e c en e .
Tliis re ac tio n  was c a rr ie d  out in the sam e m anner a s  d e s ­
crib ed  above for c i s - cyclodecene. H ydrogen ch lo ride  gas was 
evolved during  the reac tio n . When the re a c tio n  w as com pleted, 1.08 
g of white fLocculant so lid  w as rem oved  by f iltra tio n , the so lven t was 
rem oved  by ro ta ry  evaporation , and the crude p roduct w as d is tilled  
to give the following frac tio n s :
I 7 .92  g bp 50 -2° (5 .0  mm)
n  G .0 5 g  bp 50-80° (0 .4  mm)
n i  1 .67  g bp 80-93° (0 .4  mm)
A nalysis of I by NMR showed i t  to be a  m ix tu re  of t r a n s - cyclo- 
decene and iodobenzene.
A nalysis of H by NMR showed i t  to be a  m ix tu re  of 3 -c h lo ro ­
cyclodecene, iodobenzene and ch loro iodobenzenes. NMR in teg ra tion  
showed th a t EC contained 68 m ole % o r 60 w eight % of 3 -ch lo ro cy c lo ­
decene (3 .63 g, 0 .021  m ole, 42% yield).
F ra c tio n s  II and EEC w ere difficult to se p a ra te  and w ere  d is ­
co lo red  with fre e  iodine, p resu m ab ly  fro m  th e rm a l decom position  of 
the a ro m a tic  iod ides. NMR an a ly sis  of ECC ind ica ted  th a t 0 .002 mole 
of 3 -ch lorocyclodecene was p re se n t in  th is  frac tio n , b ring ing  the
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to ta l y ield  of a lly lic  ch lo ride  to 46%. Inspection of the A:B proton 
ra tio  in the NMR sp ec tru m  showed th a t the rem a in d e r of HE co n s is ted  
of one o r m ore tran san n u la r  (1 ,4 - , 1 ,5 - , a n d /o r  1 ,6 -) d ich lo ro ­
cyclodecanes (1 .31  g, 0 .0063 m ole, 13% yield).
M. F re e  R adical R eaction of lodobenzene D ichloride w ith c is-cyclodecene 
A solu tion  of c i s - cyclodecene (6. 90 g, 0 .0 5  mole) in  30 m l 
of carbon  te tra ch lo rid e  was placed  in a  100 m l round-bo ttom  flask , 
lodobenzene d ich loride (13.74 g, 0 .0 5  mole) was added and the m ix­
tu re  w as degassed  by the freeze -th aw  m ethod to e lim ina te  m olecu lar 
oxygen fro m  the re ac tio n . The m ix tu re  in the sea led  flask  was then 
s t i r r e d  with a  m agnetic s t i r r e r  and allow ed to w arm  to ro o m  te m p e ra ­
tu re . F ive h ou rs w as re q u ire d  fo r the d isap p earan ce  of the so lid  
IBD. A la rg e  quantity  of HCl was evolved when tlie flask  w as opened.
The so lven t w as rem oved  by ro ta ry  evaporation, and the crude p ro ­
duct m ix tu re  w as d is tille d  to give the following frac tio n s :
I 6 .65  g bp 61-4° (10 mm)
n  2 .0 2  g bp 57-61° (1 mm)
in  4. 67 g bp 81-90° (0. 25 mm)
A nalysis of I by NMR showed i t  to  be a  m ix tu re  of c i s - cyclo - 
decene and iodobenzene.
A nalysis of H by NMR showed i t  contained 3-ch lo rocyclodecene 
(0 .49  g, 0 .0028 m ole, 6% yield) m ixed with iso m e r ic  chloroiodoben­
zen es.
The NMR sp ec tru m  of HI shows an A :B :X -proton  ra tio  of 
1:1:4. 2, which is  co n s is ten t with one o r  a  m ix tu re  of tran san n u la r  
(1 ,4 - , 1 ,5 - , an d /o r 1 ,6 -) d ich lo rocyclodecanes (4. 67 g, 0 .022  m ole,
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45% yield).
N. F re e  R adical R eaction  of lodobenzene Di ch lo ride  with c is-cyclodecene 
T his re ac tio n  was c a r r ie d  out in  the sam e m anner a s  d e s ­
crib ed  above for c is  -  cy clode cen e . Hydrogen ch lo ride  gas w as evolved 
during  the reac tio n . When the rea c tio n  w as com pleted, 1.33 g of 
white flocu lan t so lid  w as f il te re d  off. This so lid  was re c ry s ta ll iz e d  
fro m  ch lo ro fo rm -m ethano l to give need les of mp above 330° C. The 
so lven t w as rem oved  by ro ta ry  evaporation , and the crude product 
w as d is tilled  to give the follow ing frac tio n s :
Ï 6 .70  g bp 52-4° (6 mm)
II 4 .0 7  g bp 56-65^ (1 mm)
HI 3. 33 g bp 80-92° (0. 35 mm)
F rac tio n  m  w as d isco lo red  by 1% and w as p u rified  by d is s o l­
ving i t  in  d iethyl e th e r , w ashing th is  so lu tion  w ith 20% sodium  th io - 
su lfa te  and re d is tillin g . NMH an a ly s is  of th e se  fra c tio n s  showed:
I ' tran s-cy c lo d ecen e  
iodobenzene
H 65 w eight % 3 -ch lo rocyclodecene (31% yield)
35 w eight % iso m e ric  chloro iodobenzenes
HI tran sa n n u la r  (1, 4 -, 1 ,5 - , and 1, 6-) d ich lo rocyclo -
decenes (32% yield)
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APPENDIX I 
In fra red  Spectra
A ll IR sp e c tra  w ere obtained w ith a  P e rk in -E lm e r  Model 137 
In fra red  Spectrophotom eter.
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APPENDIX II 
N uclear M agnetic Resonance S pectra
T hese sp e c tra  w ere obtained on the in s tru m en ts  d esc rib ed  
in chap ter th ree . In every  case the sw eep width was 500 Hz, the 
sw eep tim e was 500 seconds, and the te m p e ra tu re  was 37°C. None 
of these  compounds showed any abso rp tion  downfield from  -6. 5 ppm.
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